Malnutrition and absence of exogenous luminal nutrients in the gastrointestinal tract affect intestinal permeability (IP) leading to an increased penetration of substances that passively cross intestinal epithelium via intercellular pathways. We hypothesised that an increase in IP could occur in patients with anorexia nervosa because of their prolonged fasting and chronic malnutrition. Therefore, we assessed IP in 14 drug-free anorexic women and 19 drug-free agematched healthy women by means of the lactulose/mannitol (LA/MA) test. To this purpose, after an overnight fast, subjects ingested an oral solution containing 5 g lactulose and 2 g mannitol in 100 ml water. Urine specimens were collected immediately before and 30, 60, 120, 180, 240 and 300 min after the ingestion of the sugar solution. Urinary lactulose and mannitol were determined by high-performance anion exchange chromatography coupled with pulsed amperometric detection. We found that IP, as expressed by the 5-h LA/MA excretion ratio, was significantly decreased in anorexic women because of a lower urinary recovery of lactulose. Moreover, in patients, the time course of lactulose excretion significantly differs from healthy controls. These results do not confirm our hypothesis of increased IP in anorexia nervosa. Since IP reflects the anatomo-functional status of intestinal mucosa, the present findings support the idea that changes in the anatomo-physiology of intestinal mucosa occur in anorexia nervosa.
Introduction
In healthy humans, the intestinal mucosa acts as an absorption organ and a defensive barrier preventing the passage of toxic substances from the intestinal lumen to the blood stream. Malnutrition and absence of exogenous luminal nutrients in the gastrointestinal tract profoundly affect small bowel morphology and physiology. Many reports have described alterations of ion and nutrient transport, mucosal atrophy and modifications in the intestinal permeability to macromolecules in cases of prolonged intestinal rest, as in severe starvation, intestinal bypass and total parenteral nutrition. [1] [2] [3] [4] [5] These changes may dampen both the absorptive and the barrier functions of intestinal mucosa.
The assessment of intestinal permeability (IP), by measuring the urinary excretion of substances that are not metabolised by human tissues and passively cross the intestinal epithelium via intercellular and transcellular pathways, is a reliable and noninvasive method to investigate the anatomo-functional integrity of the intestinal mucosa. 6 In vivo tests of IP have shown an increase in paracellular permeability in malnourished humans 7, 8 and in volunteered fasting subjects. 9 Even if the increase in paracellular permeability may represent an adaptive mechanism aiming to enhance the uptake of nutrients under the compromised nutritional status associated with prolonged fasting and/or malnutrition, it may also increase the risk for inappropriate passage of food antigens and other noxious substances across the mucosal barrier. To this regard, the enhanced susceptibility of malnourished subjects to systemic infections and postoperative sepsis has long been recognised, 10, 11 and the barrier function of intestinal mucosa is now recognised as integral to the modern view of sepsis. 12 Anorexia nervosa (AN) is a psychiatric disorder characterised by abnormal eating behaviours aiming to decrease body weight (BW) because of the patient's pathological fear of becoming fat. Typically, women with AN restrict food ingestion up to severe starvation, self-induce vomiting and engage in other compensatory behaviours in order to both reduce calorie ingestion and increase energy expenditure.
These behaviours usually lead to malnutrition and a more or less prolonged absence of luminal nutrients in the gastrointestinal tract. Therefore, alterations in the integrity and functioning of intestinal mucosa are likely to occur in this condition. There is no information on IP in patients with eating disorders. We hypothesised that, as it occurs in simple starvation and malnutrition, IP should be increased in fasted undernourished people with AN. Therefore, in the present study, we explored IP of subjects with AN by means of the lactulose-mannitol test.
Methods

Subjects
A total of 33 women were recruited for the study. They were 14 outpatients attending the Eating Disorder Center of our Department and 19 healthy controls. According to DSM-IV criteria, 10 patients fulfilled the diagnosis of AN restricted type and four the diagnosis of AN binge-purging type. Diagnostic assessment was made by a trained interviewer using the Structured Clinical Interview for DSM-IV-Patient Edition. 13 At the time of the study, two anorexics had a concomitant diagnosis of major depression and one of borderline personality disorder; all of them had been free from psychotropic medications for more than 6 weeks (eight patients had never taken psychotropic drugs). None abused laxatives and/or diuretics.
Control women were mentally healthy, as assessed by the Structured Clinical Interview for DSM-IV nonPatient Edition, 13 and had no positive family history of mental disorders as assessed by the Family History Research Diagnostic Criteria.
14 They were regularly menstruating and had normal diets.
Both patients and healthy volunteers had normal physical examinations, normal values of cell blood count, serum electrolytes, blood urea nitrogen, serum creatinine, glucose, calcium, magnesium and phosphorus levels, normal liver function tests, normal urinalysis and normal electrocardiogram. Female controls were tested in the follicular phase of their menstrual cycle (day 5-7 from menses). The follicular phase was chosen in order to have the lowest oestrogen milieu in regularly menstruating women.
No subject was taking oral contraceptives or had a past history of alcohol or drug abuse. All of them had been free from nonpsychotropic medications for more than 6 weeks. On admission to the study, all subjects underwent a semistructured clinical interview collecting information aiming to exclude both personal and family history of celiac disease.
Procedure
The study was approved by the ethical committee of our department. Subjects gave written informed consent prior to study participation.
In each subject, BW and height were measured, and the body mass index (BMI) was calculated. Moreover, in healthy controls and in 10 anorexics, body composition was evaluated by means of a bioelectrical impedance analyser (STA/BIA, Akern Srl, Florence, Italy).
After an overnight fast, subjects provided a pretest (T ¼ 0) urine specimen, emptied the bladder and then ingested a sugar test solution containing 5 g lactulose and 2 g mannitol in 100 ml water; after 30 min, they were encouraged to drink water to promote diuresis. Urine specimens were collected 30, 60, 120, 180, 240 and 300 min after the oral ingestion of the sugar solution. All subjects drunk 2 l of water over the 5-h test period and fasted for the whole study period.
The volume of each urine sample was measured and two aliquots were immediately stored at À801C; then, for each subject, all samples collected over the 5-h period were pooled together and two aliquots were immediately frozen at À801C. The volume of all urine passed over the 5 h test period was calculated as the sum of the volumes of the single time point specimens. Mean (7SD) 5-h urine volumes were 11117707 ml for anorexic patients and 12987645 ml for healthy controls. This difference was not statistically significant. Urinary lactulose and mannitol were determined by high-performance anion-exchange chromatography coupled with pulsed amperometric detection, according to the method of Generoso et al. 15 For both sugars, the detection limit was 0.01 mmol/l, and intra-and interassay coefficients of variation were less than 1 and 6.5%, respectively. For each sugar, the urinary recovery was expressed as the percentage of the ingested dose, and the ratios between the recovery percentages of lactulose and mannitol (LA/MA) were calculated. The ratio between the 5-h recovery percentages of lactulose and mannitol is considered as an index of IP. 16 
Data analysis
The BMDP statistical software package 17 was used for data analysis. As there were significant deviations from normality in the data, they were log transformed to meet normality and homogeneity of variance. A multivariate analysis of variance (MANOVA) followed by ANOVA was used to assess group differences in both the recovery percentages of the two sugars and their ratios. ANOVA with repeated measures was used to test differences in the time courses of sugar urinary recoveries between the two subject groups. One-way ANOVA was employed to test differences in nutritional and demographic variables between patients and controls. Correlations between measures of IP and clinical or demographic variables were assessed by Pearson's correlation test.
Results
Demographic and clinical data
The nutritional and demographic characteristics of the study sample are shown in Table 1 . As compared to healthy controls, women with AN showed significantly decreased mean BW (Po0.0001), BMI (Po0.0001), body fat mass (Po0.0001) and body lean
Urinary sugar excretion
MANOVA for recovery percentages of lactulose and mannitol and for LA/MA ratios revealed a significant overall group effect (F 3,29 ¼ 5.66, Po0.004). As compared to healthy controls, the mean recovery percentage of lactulose and the mean LA/MA ratio were significantly lower in anorexics (F 1, 31 ¼ 11.80, Po0.002; and F 1, 31 ¼ 13.22, Po0.002, respectively) ( Figure 1 ). These significances persisted even when data were covaried for BW (F 1, 30 ¼ 12.64, Po0.002 for lactulose; F 1, 30 ¼ 7.62, Po0.01 for LA/MA ratio) or for 5-h urine volume (F 1, 30 ¼ 10.73, Po0.003 for lactulose; F 1, 30 ¼ 13.19, Po0.002 for LA/MA ratio). No significant differences in the mean recovery percentages of both sugars and in the LA/MA ratios were observed between restricting and binge-purging anorexics.
ANOVA with repeated measures performed on recovery percentages of urinary lactulose showed significant effects for group (F 1, 31 ¼ 7.18; Po0.02) and for time (F 6, 186 ¼ 8.36, Po0.0001), and a significant group Â time interaction (F 6,186 ¼ 2.44, Po0.03), indicating that both the amount and the timing of urinary recovery of lactulose significantly differed in anorexics as compared to healthy controls (Figure 2 , top panel). ANOVA with repeated measures performed on recovery percentages of urinary mannitol showed no significant effect for group (F 1, 31 ¼ 0.05, Po0.9), a significant effect for time (F 6, 186 ¼ 14.01, Po0.0001) and no significant group-Â time interaction (F 6, 186 ¼ 0.32, Po0.9), indicating that the excretion of mannitol did not significantly differ between the two groups ( Figure 2 , middle panel). ANOVA with repeated measures performed on urinary LA/MA ratios showed significant effects for group (F 1, 31 ¼ 8.97; Po0.006) and for time (F 6, 186 ¼ 6.58, Po0.0003), and a trend toward a significant group Â time interaction (F 6, 186 ¼ 2.04, Po0.07) (Figure 2, bottom panel) .
No significant correlation was found between IP measures and age, BW, BMI, body fat mass, body lean mass and 5-h excreted urine volumes in both patients and healthy controls.
Discussion
To the best of our knowledge, this is the first study that explored IP in drug-free symptomatic anorexic Intestinal permeability in anorexia nervosa P Monteleone et al women by assessing both the overall 5-h urinary recoveries of lactulose and mannitol and the time courses of their excretions. We found that patients with AN exhibited a decreased 5-h LA/MA excretion ratio, due to a lower urinary recovery of lactulose, and an altered timing of lactulose excretion. In fact, in healthy women, after the ingestion of the sugar solution, urinary lactulose progressively rose up to the end of the study period, whereas in anorexic individuals, it reached a blunted peak at the 2nd hour, then it progressively dropped up to the end of the study period. Moreover, we did not find any statistically significant correlation between measures of sugar excretion and total urine volumes in both patients and controls. This finding disagrees with the results of Blomquist et al, 18 who reported a significant positive correlation between mannitol excretion and total volumes of urine passed over a 6-h test period in a sample of 23 men and 42 women, aged 18-76 years, and including both healthy volunteers and patients with extra-small intestine disease. Differences in the sugar assay methods, number, gender and type of subjects studied, and test time periods may explain this discrepancy.
Both premucosal, mucosal and postmucosal factors could be responsible for reduced urinary recovery of lactulose and its altered urinary kinetic in our anorexic patients. Usually, in AN, renal function is not compromised at least until patients undergo chronic hypokalemia. 18 In our subjects, although no assessment of the glomerular filtration function was performed, there were no signs of nephropathy as assessed by the physical examinations and laboratory measurement of blood urea nitrogen, serum creatinine, and electrolytes and urinalysis. A delayed empting of stomach and a delayed intestinal transit occur relatively early in the course of AN 19 and they could have affected present results. However, the concomitant administration of a small sugar (mannitol) and a large one (lactulose) is regarded as a useful technique to avoid interferences due to either alterations in the gastrointestinal transit (premucosal factors) or urinary excretion (postmucosal factors) since, in those cases, both sugar excretions could be affected. Therefore, in our patients, the reduced urinary recovery of lactulose and its altered urinary kinetic can be ascribed to changes in the anatomophysiology of intestinal mucosa leading to a decreased passage of the sugar into systemic circulation. These results do not confirm our hypothesis of an increased IP in starving malnourished women with AN.
The factors responsible for such a modification are not clear; so, at present, we can only propose some speculative hypotheses. It is known that the growth hormone (GH) exerts a marked trophic effect on intestinal mucosa, likely through the action of the insulin-like growth factor-I (IGF-I). 20 Anorexic patients, in spite of an increased production of GH, have very reduced IGF-I levels, 21 which prevents the GH from exerting its biological effects. Therefore, it is plausible that the IGF-I deficiency may account for changes of IP observed in our anorexic patients. However, it has been shown that, in normally fed adult subjects with GH deficiency, there was no change in IP as assessed by the LA/MA test. 22 Therefore, it seems possible to propose that, in AN, the co-occurrence of IGF-I deficiency (which is responsible for GH inefficiency) and prolonged starvation/malnutrition have a combined effect on the anatomo-physiology of the intestinal mucosa, leading to alterations in paracellular permeability to lactulose.
Since there are no published studies assessing IP by the LA/MA test in AN, we cannot compare our results with other findings. However, in both malnourished humans 7, 8 and subjects fasting for 4 days, 9 the assessment of IP through the evaluation of LA/MA excretion ratio has shown an increase in paracellular permeability, due to a reduced mannitol excretion. These results are not consistent with our findings showing that anorexics, who engage in prolonged fasting and incur malnutrition, exhibit a decrease rather than an increase of IP. It is likely that differences in the duration and severity of starvation between AN patients and malnourished or fasted individuals may account for this discrepancy. Moreover, as far as we know, a decreased IP due to a reduced absorption of lactulose has never been reported in other human diseases affecting intestinal mucosa.
It is known that lactulose crosses the intestinal wall by using a paracellular route through the intercellular tight junctions of epithelial crypts, whereas mannitol, the smaller molecule, is absorbed via the transcellular and/or paracellular pathways of epithelial villi. Therefore, the reduced absorption of lactulose supports the idea that a tightening of the crypt paracellular pathways and/or a reduction of the cript absorption surface occur in AN. To this regard, evidence has been provided that intercellular tight junctions are dynamic structures, which readily adapt to a variety of physiological and pathological conditions, and that the recently discovered protein, zonulin, plays a pivotal role in their regulation. 23 Therefore, assessment of zonulin production and functionality in people with AN will be of extreme interest to understand the observed changes in IP. Our findings, at present, do not allow us to establish the anatomo-functional background of the reduced IP in anorexic women. Anyway, these changes, whatever their nature, may lead to a potentiation of the barrier function of the intestinal mucosa, thus protecting these emaciated patients from the passage of potentially dangerous agents. This is consistent with the observation that anorexic patients are relatively free of systemic infectious diseases or sepsis, at least until they enter the advanced stage of debilitation. 24 In conclusion, we report here, for the first time, that a reduction in IP occurs in patients with AN. The clinical significance of this finding, in particular whether the reduction of IP is important in protecting emaciated patients from the risk of infections, and whether it affects also the processing of food, especially when feeding is reinstated, will require further studies. In particular, it will be of interest to assess whether changes of IP are related to some of the complications that anorexics incur during nutritional rehabilitation.
